culate that -7-10 mg of HCA VI is daily swallowed to the gastrointestinal canal. 
8.
Ogawa Y, Chang C-K, Kuwahai-a H, Hong S-S. Toyosawa S, Genotyping by the use of allele-specific oligonucleotides for the Z mutation has been reported (5), as has the direct sequencing of amplified DNA fragments obtained by the polymerase chain reaction (PCR) (6), but the latter is time consuming and labor intensive and requires expertise.
Synthetic oligonucleotides have been used widely for the detection of single-point mutations in DNA associated with disease, because they are convenient and make it possible to analyze a large number of samples. The use of PCR has facilitated the use of oligonucleotides in single-point mutation detection. The specificity of this approach is determined by the degree of complementarity, such that even a single base-pair mismatch is less stable than one that shows a perfect match, and it is possible to distinguish between a normal and mutant sequence by using empirically determined hybridization conditions. A method of genotyping 4Nonstandard abbrevzat,
. a1-AT, a,-antitrypsin; PCR, polymerase chain reaction SSPE, saline-sodium phoephate-EIYFA buffer; PNK, polynucleotide kinase; and SDS, sodium dodecyl sulfate.
5'
________ Exonsl-IV patients with a1-AT deficiency with radiolabeled allelespecific oligonucleotides has been described (6) . The intensity of signals obtained from labeled bound allelespecific oligonucleotide probes depends on the specific activity of the label,the severity of the washing conditions, the length of exposure of the film to the probe, and the amount of target sequence. Thus, it is desirable to find ways of improving the signal-to-noise ratio.
MaterIals and Methods Procedures
Amplification of DNA fragments. The location of the fragments amplified and the position of the mutation are highlighted in the schematic of the AAT gene (Figure 1) . DNA was prepared from peripheral blood by previously described methods (7) .Exon V, containing the normal M sequence and Z mutation, was amplified by using -1 g of genomic to Z or M probe was added to the 10 mL of preincubation fluid such that the membrane to be probed with radiolabeled Z probe was preincubated with unlabeled M probe and vice versa. All the membranes were then incubated for another hour at 52#{176}C. Hybridization was then conducted only in the presence of radiolabeled probe at 52#{176}C for 1 h. A twofold molar excess of unlabeled probe was chosen, having been found to work optimally.
Washing off nonspecifically
bound labeled probe. The initial low-stringency wash consisted of two 30-min washes at 23#{176}C with 100 mL of 2x SSPE-1 gIL SDS, followed by a 15-mm wash at 52#{176}C with 100 mL of 5x
SSPE-SDS.
The high-stringency wash at 62#{176}C, with 100 mL of 5x SSPE-SDS, was continued for 20 mm to discriminate between M and Z target sequences without competition hybridization. 
Subjects
Samples from six patients with known genotypes and three patients with unknown genotypes were analyzed. In some of the patients the genotypes were confirmed by direct sequencing of the amplified products. (Figure 3) . These conditions were determined empirically. After 5 mm of the high-stringency wash, the binding of M probe to Z homozygote target sequence and of Z probe to M target sequence was reduced (Figure 3) .
Results

Single
After 20 mm of the high-stringency wash, the M probe bound to M and MZ target sequence only, whereas the Z probe bound only to Z and MZ target sequence. These results were obtained for equivalent amounts of loaded target sequence.
With competition, even after a low-stringency wash, the nonspecific binding of M probe to Z target sequence (and of Z probe to M target sequence) was substantially reduced. By densitometric scanning of the signals and comparing the M Z ratios with and without competition, a three-to fourfold increase in specificity was obtained with competition over that of the assay without competition (Figure 4) . Moreover, there was an apparent lack of discrimination at low stringency without competition. i.e., M probe bound much less strongly to Z target sequence and Z probe less strongly to M target sequence.
A reduction in exposure time should make it possible to use even less stringent conditions to obtain obvious differences in signal intensity between perfectly matched and single-base mismatched oligonucleotide probes to target sequence.
Discussion
The use of allele-specific oligonucleotides is a simple and effective method for screening single-point mutations. However, the method requires careful control of the reaction conditions. The introduction of a competition step significantly improves the specificity of the reaction and makes it possible to use less stringent conditions to detect single-point mutations. Nonetheless, false-positive signals may be obtained because of loading of different amounts of DNA. Given identical conditions with regard to the specific activity of the labeled probe, the length of exposure of the x-ray film, and the stringency of the wash, differences in the amount of PCR product can significantly affect the signal strength. Differences in the amount of target sequence loaded can therefore lead to difficulties in interpretation.
A competitive assay has been tried with labeled and In our method, sequential hybridization with unlabeled and labeled allele-specific oligonucleotides allowed a twofold molar excess of the unlabeled allele-specific oligonucleotide to be used for absolute discrimination.
A further possibility is to extend the competition assay to both the prehybridization and hybridization steps. Preliminary data suggest that the results obtained with the preincubation step followed by simultaneous incubation with labeled and unlabeled oligonucleotides in the hybridization reaction does not improve the specificity significantly when compared to a single preincubation step, and there is a small reduction in sensitivity. A general requirement for the use of oligonucleotide probes is to define precise conditions for the posthybridization washes to achieve discrimination between normal and mutant sequences.
The abifity to relax the conditions slightly by using a competition step and yet improve the specificity should make it easier to determine these conditions. 
